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transmittance of the projection optical system PL. With 

the transmittance obtained as a function of an integration value of the incident light quantity, 
the integration value of the incident light quantity measured through the integrator sensor 9 is 
substituted for the function at exposure to estimate the transmittance of the projection optical 
system PL, and, according to the transmittance, the output of, for example, an excimer laser 
light source 1 is controlled for controlling an exposure value. 
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PROBLEM TO BE SOLVED: To provide a projection 
aligner wherein a control precision for exposure value is 
prevented from degrading, which is caused by irradiation 
fluctuation (or pulse energy fluctuation) on a substrate 
which is generated by transmittance fluctuation of a 
projection optical system. 

SOLUTION: The light quantity of ultraviolet pulse light IL 
incident on a projection optical system PL is measured 
through an integrator censor 9, the light quantity or the 
ultraviolet pulse light IL transmitting the projection optical 
system PL is measured through an irradiation amount 
monitor 32, and the amount of transmission light is 
divided by an incident light amount, thus calculating the 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the projection aligner equipped with the illuminating system which irradiates the pattern 
formed in the mask by the predetermined exposure energy beam of an ultraviolet area, and the projection 
optics which projects the image of the pattem of said mask on a substrate The amount measurement 
system of incidence energy which measures the amount of incidence energy to said projection optics. 
The amount addition system of incidence energy which integrates the measurement value of this amount 
measurement system of incidence energy, and calculates the total amount of incidence energy to said 
projection optics, The amount measurement system of injection energy which measures the amount of 
injection energy from said projection optics, The permeability property storage section which memorizes 
the rate of change to said total amount of incidence energy of the permeability of said projection optics 
computed based on the measurement result of said amount measurement system of incidence energy, 
said amount addition system of incidence energy, and said amount measurement system of injection 
energy, The operation system which computes the permeability of said projection optics serially based 
on the rate of change of the permeability memorized by this permeability property storage section, and 
the output of said amount addition system of incidence energy, The projection aligner characterized by 
establishing the light exposure control system which controls the light exposure of said exposure energy 
beam irradiated on said substrate through said projection optics according to the permeability computed 
by this operation system from said illuminating system. 

[Claim 2] It is a projection aligner according to claim 1 . Said permeability property storage section 
Besides the rate of change to said total amount of incidence energy of the permeability of said projection 
optics The rate of change of the permeability of said projection optics over the elapsed time after 
interrupting the exposure of said exposure energy beam is memorized. Said operation system The 
projection aligner characterized by computing the permeability of said projection optics serially based 
on the elapsed time after interrupting the output of two kinds of rate of change of the permeability 
memorized by said permeability property storage section, and said amount addition system of incidence 
energy, and the exposure of said exposure energy beam. 

[Claim 3] The projection aligner characterized by having the stage system which is a projection aligner 
claim 1 or given in two, and moves said mask and said substrate, respectively, and carrying out the 
synchronous scan of said mask and said substrate relatively to said projection optics through said stage 
system at the time of exposure, 

[Claim 4] Scanning said mask to said projection optics through said stage system like the time of actual 
exposure, in case it is the exposure approach using a projection aligner according to claim 3 and the 
transmission of said projection optics is measured The measurement value by said amount measurement 
system of incidence energy and said amount measurement system of injection energy is incorporated. 
The permeability of said projection optics is computed by amending this measurement value that was 
crowded picking by the pattem abundance of said mask. The exposure approach characterized by 
controlling the light exposure of said exposure energy beam to said substrate based on the transmission 
amended and obtained by the pattem abundance of said mask at the time of the exposure to said 
substrate. 

[Claim 5] The 1st process which is the manufacture approach of the circuit device for manufacturing a 
predetermined circuit device using a projection aligner claims 1 and 2 or given in three, and applies 
sensitive material on said substrate, Based on the rate of change of the permeability memorized by said 
permeability property storage section, and the output of said amount addition system of incidence 
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energy, the permeability of said projection optics is serially computed through said operation system. 
Controlling the light exposure of said exposure energy beam irradiated by said light exposure control 
system on said substrate through said projection optics according to the this permeability computed from 
said illuminating system The manufacture approach of the circuit device characterized by having the 2nd 
process which exposes the pattern image of said mask to each shot field on said substrate, the 3rd 
process which performs development of said substrate, and the 4th process which forms a circuit pattern 
in each shot field on said substrate after this development, respectively. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the projection aligner used in order to impnnt a mask 
pattern on a substrate through projection optics at the lithography process for manufacturing a 
semiconductor device, a liquid crystal display component, or the thin film magnetic head, the exposure 
approach using this projection aligner, and the manufacture approach of the circuit device using this 
projection aligner. 
[0002] 

[Description of the Prior Art] Since it corresponds to improvement the degree of integration of a 
semiconductor device, and whenever detailed, in the aligner which bears the lithography process (it 
consists of a resist spreading process, an exposure process, and a resist development process typically) 
for manufacturing a semiconductor device, it is required that resolution, imprint fidelity, etc. should be 
raised more. Thus, in order to raise resolving power and imprint fidelity, it is necessary to perform light 
exposure control for exposing the resist first applied on the wafer as a substrate with proper light 
exposure with high precision. 

[0003] Now, in the manufacture site of a semiconductor device, the contraction projection aligner 
(stepper) of a step-and-repeat method using the contraction projection optics it is 1/5 time whose 
projection scale factor from a reticle to a wafer of this is mainly used abundantly among the bright lines 
of a mercury electric-discharge lamp considering i line with a wavelength of 365nm as illumination light 
for exposure. Moreover, in order to avoid that the projection visual field of contraction projection optics 
becomes extremely large as a trend for the past several years with enlargement of the size (chip size) of 
the circuit device formed on a wafer By carrying out constant speed scanning to a contraction scale 
factor with the same velocity ratio in the direction which corresponds a wafer within the visual field by 
the side of the image surface of the projection optics, carrying out constant speed scanning of the reticle 
in the predetermined direction within the visual field by the side of the body side of the projection optics 
The contraction projection aligner of step - which carries out scan exposure of the overview of the 
circuit pattern of a reticle to each field on a wafer, and - scanning method also attracts attention, 
[0004] In the conventional light exposure control, the permeabihty to the illumination light for exposure 
of projection optics had calculated the light exposure in the firont face of a wafer for a short time as what 
is not changed using the permeability of the projection optics measured at a certain time for example, in 
fi-ont of exposure firom the quantity of light and the permeability of the illumination light which 
branched within the illumination-light study system. And the exposure time was controlled so that the 
addition value of the light exposure calculated would turn into a predetermined value, if it was a stepper, 
and when it was step - and - scanning method, the output of the light source or the scan speed was 
controlled so that the light exposure calculated became a fixed value. 
[0005] 

[Problem(s) to be Solved by the Invention] Recently, in order to short-wavelength-ize exposure 
wavelength and to heighten resolution more, the projection aligner of the step-and-repeat method which 
used ultraviolet pulsed Ught with a wavelength [ from an excimer laser ] of about 250nm or less as 
illumination light for exposure, step and - scanning method is developed, and the projection aligner 
which used the KrF excimer laser with a wavelength of 248nm is beginning to be completely fed into a 
production line. Furthermore, the ArF excimer laser which outputs ultraviolet pulsed light with a 
wavelength [ of short wavelength ] of 193nm more is also developed, and promising ** of this is carried 
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out as the future light source for exposure, 

[0006] Since some absorption bands of oxygen exist in the wavelength band in the natural oscillation 
condition of that ultraviolet pulsed light when using this ArF excimer laser as the exposure light source, 
it is necessary in the wavelength property of pulsed light to narrow-band-ize those absorption bands on 
the avoided wavelength. Furthermore, it is necessary to make it an environment in which oxygen is not 
contained as much as possible in the illumination-light way from the exposure light source to a reticle, 
and the projection optical path from a reticle to a wafer, i.e., to also permute most of those illumination- 
light ways and projection optical paths with inert gas (nitrogen gas, gaseous helium, etc.). An example of 
the projection aligner using such an ArF excimer laser is indicated by JP,6-260385,A and JP,6- 
260386,A. 

[0007] As practical ****** material which has desired permeability to the ultraviolet pulsed light 
(wavelength of about 250nm or less) from the above excimer lasers, two, a current place, a quartz 
(Si02), and a fluorite (fluorite: CaF2), are only known. Of course, although magnesium fluoride, lithium 
fluoride, etc. are known in addition to this, in order to consider as the ****** material for projection 
aligners, it is necessary to solve the problem of workability, the problem of endurance, etc. 
[0008] As projection optics carried in a projection aligner, the catadioptric system (reflective refractive 
media) constituted from combination of a dioptrics component (lens element) and a reflected light study 
component (especially concave mirror) other than dioptric ** (refractive media) is also used about this. 
Even if it adopts the projection optics of which type, for using a dioptrics component (penetrable optical 
element), it is unchanging, and, at present, two kinds of ** material of a quartz and a fluorite must be 
used as a dioptrics component, furthermore, make it a dioptrics component — make it a reflected light 
study component — multilayers, such as an antireflection film and a protective layer, are vapor-deposited 
by the front face, and it is manufactured so that the engine performance as an optical element simple 
substance may be in a predetermined condition. It is the how large engine performance which it should 
take notice of especially here the absolute value of the permeability of a lens element simple substance 
or the absolute value of the reflection factor of a reflected light study component simple substance can 
take. 

[0009] For example, in the case of the lens element simple substance, generally the coat of the 
antireflection film etc. is carried out to both the plane of incidence of light, and the injection side of the 
2nd page, and it is devised so that permeability may be raised as much as possible. The permeability of 
the whole projection optics becomes quite small only by there being many lens elements used in order to 
amend various kinds of aberration properties good in precise image formation optical system as 20-30 
sheets, and the permeability of each lens element being slightly lower than 100% like projection optics. 
Moreover, also by the projection optics containing some reflected light study components, when the 
reflection factor of each reflected light study component is low, the permeability of the whole projection 
optics also becomes low. 

[0010] if each permeability of these lens elements is made into 96% when the number of the lens 
elements which constitute the image formation optical path of projection optics is 25 — the permeability 
epsilon as the whole projection optics — about 36% (**0.9625xl00) — it becomes and becomes small. If 
the measures of whether increase of the reinforcement (energy) of the illumination light for exposing the 
circuit pattern image of a reticle on a wafer is aimed at or to use the resist for ultraviolet rays with more 
high sensibility are not taken when the transmission of projection optics is low, a throughput will fall 
according to increase of the exposure time. Then, it is possible to prepare a hi^ power excimer laser as 
a cure realizable by the projection aligner side. 

[001 1] However, when various kinds of exposure experiments were conducted with the projection 
aligner with comparatively large field size using an excimer laser, the new phenomenon of changing 
dynamically the permeability of the coat material (for example, thin films, such as an antireflection film) 
of the optical element within projection optics or an optical element between short time was discovered 
by the exposure of the illumination light (KrF excimer laser light or ArF excimer laser light) of an 
ultraviolet wavelength region. It has tumed out that this phenomenon may be generated completely 
similarly about the optical element of the illumination-light study systems which illuminate not only the 
optical element within projection optics but a reticle, and the reticle (quartz plate) itself. 
[0012] the gas (air — ) to which such a phenomenon exists in the space in a projection optical path and an 
illumination-light way The molecule of the organic substance which generates the impurity and optical 
element which are contained in nitrogen gas etc. from the adhesives for fixing to a lens-barrel etc.. Or it 
is thought that the impurity (for example, matter which diffuses a water molecule, the molecule of a 
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hydrocarbon, or illumination light other than these) generated from the walls (painted surface for acid 
resisting etc.) of the lens-barrel adheres on the surface of an optical element, or it happens by advancing 
into an illumination-light way (suspension). Consequently, un-arranging [ of changing comparatively 
sharply the permeability of projection optics and the permeability of an illumination-light study system ] 

arises. 

[0013] For example, as for the permeability epsilon of the whole projection optics, the above-mentioned 
lens element will fall to about 27.7% (**0.9525xl00), supposing permeability epsilon fell by 25 sheets 
and the permeability of a lens element simple substance falls only 1% uniformly by about 36% of 
projection optics. Fluctuation of such permeability changes the light exposure which should be given on 
a wafer from a proper value, and has a possibility of degrading the imprint fidelity of a detailed pattem 
with a design line breadth of about 0.25-0.18 rriicrometers imprinted on a wafer. In the conventional 
projection aligner, the optical reinforcement of the illumination light is detected by the position within 
the optical path of an illumination-light study system, and the reinforcement (energy per one pulse) of 
the pulsed light from an excimer laser is adjusted so that proper light exposure may be obtained based on 
the optical reinforcement, as indicated by JP,2- 135723, A, for example. For this reason, in the 
conventional projection aligner, permeability fluctuation of the illxmiination-light study system after the 
part in the illumination-light way which has detected the reinforcement of the illumination light for light 
exposure control, or projection optics was not considered at all, but there was a possibility that exact 
light exposure control might become impossible. 

[0014] Moreover, when the exposure of the ultraviolet pulsed light to projection optics is suspended, the 
phenomenon in which the permeability of the projection optics is recovered gradually (fluctuation) is 
also found out. In such a case, if the exposure of ultraviolet pulsed light is started again and exposure is 
resumed, since the permeability of projection optics will be changed, there is a possibility that exact light 
exposure control may become difficult. This invention sets it as the 1st purpose to offer the projection 
aligner which prevented degradation of the control precision of the light exposure resulting from the 
illuminance fluctuation (or pulse energy fluctuation) on the substrate generated by permeability 
fluctuation of projection optics in view of this point. 

[0015] Furthermore, this invention sets it as the 2nd purpose to offer the exposure approach by which 
good light exposure control precision is acquired using such a projection aligner. Furthermore, this 
invention sets it as the 3rd purpose to offer the manufacture approach of the circuit device which can 
form a circuit pattem on a substrate with high imprint fidelity using such a projection aligner. 
[0016] 

[Means for Solving the Problem] The illuminating system which irradiates the pattem with which the 
projection aligner by this invention was formed in the mask (R) by the predetermined exposure energy 
beam of an ultraviolet area (1-19), In the projection aligner equipped with the projection optics (PL) 
which projects the image of the pattem of the mask on a substrate (W) The amount measurement system 
of incidence energy which measures the amount of incidence energy to projection optics (PL) (9), The 
amount addition system of incidence energy which integrates the measurement value of this amovmt 
measurement system of incidence energy, and calculates the total amount of incidence energy to that 
projection optics (64), The amount measurement system of injection energy which measures the amount 
of injection energy from the projection optics (32), The amount addition system of amount measurement 
system of incidence energy (9) incidence energy (64), And the permeability property storage section 
which memorizes the rate of change to the total amount of incidence energy of the permeability of the 
projection optics computed based on the measurement result of the amount measurement system of 
injection energy (32) (68), The operation system which computes the permeability of that projection 
optics serially based on the rate of change of the permeability memorized by this permeability property 
storage section, and the output of the amount addition system of incidence energy (64) (67), The light 
exposure control system (25 1, 69; 22, 27) which controls the light exposure of that exposure energy 
beam irradiated on that substrate through that projection optics according to the permeability computed 
by this operation system from that illuminating system is established. 

[0017] According to this this invention, the transmission of projection optics can be mostly presumed 
with high precision on real time by measuring and memorizing transmission change of projection optics 
to the total incidence energy of an exposure energy beam beforehand, and applying to transmission 
change memorized previously, measuring the energy which carries out incidence to projection optics 
from the time of exposure initiation, i.e., exposure initiation of an exposure energy beam, at the time of 
actual exposure. By controlling light exposure to offset change of the permeability, degradation of the 
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control precision of the light exposure resulting from the illuminance fluctuation (or pulse energy 
fluctuation) on the substrate generated by permeability fluctuation of projection optics can be prevented. 
[0018] The permeability property storage section (68) in this case, besides the rate of change to that total 
amount of incidence energy of the permeability of that projection optics The rate of change of the 
permeability of the projection optics over the elapsed time after interrupting the exposure of the 
exposure energy beam is memorized. An operation system (67) It is desirable to compute the 
permeability of the projection optics serially based on the elapsed time after interrupting the output of 
two kinds of rate of change of the permeability memorized by the permeability property storage section 
(68) and the amount addition system of incidence energy (9) and the exposure of the exposure energy 
beam. Even when the permeability of projection optics is not immediately recovered enough after 
interruption of the exposure of an exposure energy beam by this, chemge of the permeability of 
projection optics can be presumed with high precision. 

[0019] Moreover, it may have the stage system (20A, 20B, 24) which moves a mask and a substrate, 
respectively, and the synchronous scan of the mask and its substrate may be relatively carried out to the 
projection optics through the stage system at the time of exposure. This means having applied this 
invention to the projection aligner of a scan exposure method. In this case, in order to control light 
exposure, the output of the exposure light source is controlled, and also a scan speed may be controlled. 
[0020] Moreover, scanning the mask to the projection optics through the stage system like the time of 
actual exposure, in case the exposure approach of this invention is the exposure approach which used the 
projection aligner and the transmission of the projection optics is measured The measurement value by 
the amount measurement system of incidence energy (9) and the amount measurement system of 
injection energy (32) is incorporated. Thus, the permeability of the projection optics is computed by 
amending the incorporated measurement value by the pattem abundance (or pattern permeability) of the 
mask. It is desirable to control the light exposure of the exposure energy beam to the substrate based on 
the transmission amended and obtained by the pattem abundance of the mask at the time of the exposure 
to the substrate. It is prevented by this that the permeability of projection optics is incorrect-measured 
under the effect of the pattem abundance (pattem permeability) of a mask. 

[0021] Moreover, the 1st process which the manufacture approach of the circuit device of this invention 
is the manufacture approach of the circuit device for manufacturing a predetermined circuit device using 
the projection aligner of this invention, and applies sensitive material on the substrate (step 173), Based 
on the rate of change of the permeability memorized by the permeability property storage section (68), 
and the output of the amount addition system of incidence energy (9), the permeability of the projection 
optics is serially computed through an operation system (68). Thus, controlling the light exposure of the 
exposure energy beam irradiated by the light exposure control system on the substrate through the 
projection optics according to the permeability computed from the illuminating system The 2nd process 
which exposes the pattem image of the mask to each shot field on the substrate (step 174), It has the 3rd 
process (step 175) which develops that substrate, and the 4th process (step 176) which forms a circuit 
pattem in each shot field on that substrate after this development, respectively. In this case, since proper 
light exposure is obtained at an exposure process, the imprint fidelity of a circuit pattem improves. 
[0022] 

[Embodiment of the Invention] Hereafter, with reference to a drawing, it explains per gestalt of 
operation of the 1st of this invention. This example applies this invention, when exposing with the 
projection aligner of step - and - scanning method, the beam matching unit (EMU) 3 which drawing 1 
shows the outline configuration of the projection aligner of this example, and contains a movable mirror 
for ultraviolet pulsed light IL as an exposure light narrow-band-ized on the wavelength of 193nm from 
the ArF excimer laser 1 to make an optical path match in location between the bodies of an aligner etc. 
in this drawing 1 ~ a passage — the pipe 5 of protection-from-light nature — minding — the adjustable 
beam attenuator 6 as an optical attenuator ~ incidence — carrying out . While the exposure control unit 
30 for controlling the light exposure to the resist on a wafer controls initiation of luminescence of the 
ArF excimer laser 1 and a halt, and the output that becomes settled with an oscillation frequency and 
pulse energy in a list, the rate of extinction to the ultraviolet pulsed light in the adjustable beam 
attenuator 6 is adjusted gradually or continuously. In addition, as an exposure light, also when using KrF 
excimer laser light with a wavelength of 248nm or a laser beam with another wavelength of about 
250nm or less, this invention is applied. 

[0023] Incidence of the ultraviolet pulsed light IL which passed along the adjustable beam attenuator 6 is 
carried out to the fly eye lens 1 1 through the beam plastic surgery optical system which consists of lens 
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systems 7A and 7B arranged in accordance with a predetermined optical axis. Thus, although the 
number of the fly eye lenses 1 1 is one in this example, you may make it arrange two steps of fly eye 
lenses to a serial as it is indicated by JP,1-235289,A in order to raise illumination distribution 
homogeneity for example. The aperture-diaphragm system 12 of an illumination system is arranged in 
the injection side of the fly eye lens 11. The circular aperture diaphragm for lighting, the aperture 
diaphragm for deformation lighting which consists of two or more small openings which carried out 
eccentricity, the aperture diaphragm for zona-orbicularis lighting, etc. are usually arranged free [ a 
switch ] at the aperture-diaphragm system 12. Incidence of the ultraviolet pulsed light IL which was 
injected from the fly eye lens 1 1 and passed the predetermined aperture diaphragm in the aperture- 
diaphragm system 12 is carried out to the beam splitter 8 with a low reflection factor with high 
transmission. Incidence of the ultraviolet pulsed light reflected by the beam splitter 8 is carried out to the 
integrator sensor 9 which consists of a photodetector, and the detecting signal of the integrator sensor 9 
is supplied to the exposure control unit 30. 

[0024] The permeability of a beam splitter 8 and a reflection factor are measured with high precision 
beforehand, the memory in the exposure control unit 30 memorizes, and the exposure control unit 30 is 
constituted so that the monitor of the amount of incident light and its integral value of ultraviolet pulsed 
light IL to projection optics PL can be carried out more nearly indirectly than the detecting signal of the 
integrator sensor 9. In addition, in order to carry out the monitor of the amount of incident light to 
projection optics PL, beam splitter 8A is arranged, the reflected light from this beam splitter 8A is 
received by photodetector 9 A, and you may make it supply the detecting signal of photodetector 9 A to 
the exposure control unit 30 before lens system 7A into drawing 1 , as a two-dot chain line shows. 
[0025] Incidence of the ultraviolet pulsed light IL which penetrated the beam splitter 8 is carried out to 
fixed lighting field-diaphragm (fixed blind) 15A within the reticle blind device 16 through the 
condensing lens system 14. Fixed blind 15A has opening arranged so that it may be extended in the 
center within the circular visual field of projection optics PL in the scan exposure direction and the 
direction which intersected perpendicularly the shape of a straight-line slit, and in the shape of a 
rectangle (collectively henceforth "the shape of a slit") as indicated by JP,4-196513,A. Furthermore, in 
the reticle blind device 16, movable blind 15B for making adjustable width of face of the scan exposure 
direction of a lighting visual field field apart from fixed blind 15A is prepared, and reduction of a scan 
migration stroke of a reticle stage and reduction of the width of face of the protection-from-light band of 
Reticle R are aimed at by this movable BURAINTO 15B. The information on the numerical aperture of 
movable blind 1 5B is supplied also to the exposure control unit 30, and the value which multiplied the 
amount of incident light calculated from the detecting signal of the integrator sensor 9 by the numerical 
aperture serves as the actual amount of incident light to projection optics PL. 

[0026] Ultraviolet pulsed light IL orthopedically operated in the shape of a slit by fixed blind 15A of the 
reticle blind device 16 irradiates a lighting field [ **** / opening of the shape of a slit of fixed blind 
15A ] by uniform intensity distribution on the circuit pattern space of Reticle R through the lens system 
17 for image formation, the reflective mirror 18, and the main condensing lens system 19. That is, the 
arrangement side of opening of fixed blind 15A or opening of movable blind 15B serves as conjugate 
mostly with the pattern side of Reticle R by the synthetic system of the lens system 17 for image 
formation, and the main condensing lens system 19. 

[0027] the basis of ultt-aviolet pulsed light IL - the image of the circuit pattern in the lighting field of 
Reticle R - a both-sides tele cent - through the rucksack projection optics PL, it is the predetermined 
projection scale factor beta (beta is 1/4, and 1 / 5 grades), and the exposure field of the shape of a slit of 
the resist layer on the wafer W arranged in the image formation side of projection optics PL imprints. 
The exposure field is located on [ of two or more shot fields on a wafer ] one shot field. Although the 
projection optics PL of this example is dioptric ** (refractive media), it cannot be overemphasized that a 
catadioptric system (reflective refractive media) can also be used. The Z-axis is taken in parallel with the 
optical axis AX of projection optics PL hereafter, the X-axis is taken to a scanning direction (direction 
parallel to the space of drawing 1 here) in a flat surface perpendicular to the Z-axis, and a Y-axis is taken 
and explained to the non-scanning direction (direction perpendicular to the space of drawing 1 here) 
which intersects perpendicularly with a scanning direction. 

[0028] At this time, adsorption maintenance of the reticle R is carried out on reticle stage 20A, and 
reticle stage 20 A is laid so that it can move slightly to the direction of X, the direction of Y, and a hand 
of cut, while being able to carry out uniform migration in the direction of X on reticle base 20B. The 
two-dimensional location of reticle stage 20A (reticle R) and the angle of rotation are measured by real 
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time with the laser interferometer in the drive control unit 22. Based on this measurement result and the 
control information from the main control system 27 which consists of a computer which carries out 
control control of the actuation of the whole equipment, the drive motors in the drive control unit 22 (a 
linear motor, voice coil motor, etc.) perform the scan speed of reticle stage 20A, and control of a 
location. 

[0029] On the other hand, adsorption maintenance of the wafer W is carried out on Z tilt stage 24Z 
through the wafer holder WH, Z tilt stage 24Z is fixed on X-Y stage 24XY which carries out two- 
dimensional migration along XY flat surface parallel to the image surface of projection optics PL, and 
the wafer stage 24 consists of Z tilt stage 24Z and X-Y stage 24XY. Z tilt stage 24Z controls the focal 
location (location of a Z direction) of Wafer W, and a tilt angle, and doubles the front face of Wafer W 
with the image surface of projection optics PL by the automatic focus method and the auto leveling 
method, and X-Y stage 24XY performs stepping to the constant speed scanning to the direction of X of 
Wafer W and the direction of X, and the direction of Y. The two-dimensional location of Z tilt stage 24Z 
(wafer W) and the angle of rotation are measured by real time with the laser interferometer in the drive 
control unit 25. Based on this measurement result and the control information from the main control 
system 27, the drive motors in the drive control unit 25 (linear motor etc.) perform the scan speed of X- 
Y stage 24XY, and control of a location. The rotational error of Wafer W is amended by rotating reticle 
stage 20A through the main control system 27 and the drive control unit 22. 
[0030] The main control system 27 sends various information, such as reticle stage 20 A and each 
migration location of X-Y stage 24XY, passing speed, migration acceleration, and location offset, to the 
drive control units 22 and 25. And synchronizing with Reticle R being scanned at a rate Vr in the 
direction of +X (or the direction of -X) to the lighting field of ultraviolet pulsed light IL through reticle 
stage 20A at the time of scan exposure, Wafer W is scanned in the direction of -X (or the direction of 
+X) to the exposure field of the pattern image of Reticle R through X-Y stage 24XY by rate beta-Vr 
(beta is a projection scale factor from Reticle R to Wafer W). 

[003 1 ] Moreover, the main control system 27 performs control for synchronizing with migration of 
reticle stage 20A at the time of scan exposure migration of each blade of movable blind 16B prepared in 
the above-mentioned reticle blind device 16. Furthermore, the main control system 27 sets up the 
various exposure conditions for carrying out scan exposxire of the resist of each shot field on Wafer W 
with proper light exposure, cooperates also with the exposure control unit 30, and performs the optimal 
exposure sequence. That is, if the command of the scan exposure initiation to one shot field on Wafer W 
is emitted by the exposure control unit 30 from the main control system 27, the exposure control unit 30 
will compute the integral value of the amount of incident light to projection optics PL through the 
integrator sensor 9 while starting luminescence of the ArF excimer laser 1 . The integral value is reset by 
0 at the time of scan exposure initiation. And the output (an oscillation frequency and pulse energy) of 
the ArF excimer laser 1 and the rate of extinction of the adjustable beam attenuator 6 are controlled by 
the exposure control unit 30 so that the transmission of projection optics PL is computed serially and 
proper light exposure is obtained on each point of the resist on the wafer W after scan exposure 
according to this transmission from the integral value of that amoxmt of incident light like the after- 
mentioned. And luminescence of the ArF excimer laser 1 is stopped at the time of termination of the 
scan exposure to the shot field concerned. 

[0032] Moreover, the exposure monitor 32 which consists of a photodetector near the wafer holder WH 
on Z tilt stage 24Z of this example is installed, and the detecting signal of the exposure monitor 32 is 
also supplied to the exposure control unit 30. The exposure monitor 32 is having the light-receiving side 
of wrap magnitude for the whole exposure field by projection optics PL, driving X-Y stage 24XY, and 
setting the exposure field of projection optics PL as a wrap location for the light-receiving side, and can 
measure the quantity of light of ultraviolet pulsed light IL which passed projection optics PL. In this 
example, the permeability of projection optics PL is measured using the detecting signal of the integrator 
sensor 9 and the exposure monitor 32. In addition, the illuminance unevenness sensor which has the light 
sensing portion of the shape of a pinhole for measuring quantity of light distribution in the exposure 
field instead of the exposure monitor 32 may be used. 

[0033] In this example, since the ArF excimer laser 1 is used, the adjustable beam attenuator 6, lens 
systems 7 A and 7B, and the subchamber 35 that intercepts each illumination-light way to the fly eye lens 
1 1 - the main condensing lens system 19 from the open air ftirther are formed from the inside of a pipe 5, 
and the desiccation nitrogen gas (N2) which stopped oxygen content very low through piping 36 is 
supplied in [ whole ] the subchamber 35. Similarly, desiccation nitrogen gas is supplied also to the 
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whole space inside the lens-barrel of projection optics PL (space between two or more lens elements) 
through piping 37. 

[0034] When supply of the desiccation nitrogen gas has the high airtightness of the subchamber 35 or 
the lens-barrel of projection optics PL, once a perfect permutation with atmospheric air is performed, it 
is not necessary to carry out so frequently. However, it is also required to remove those impurity 
molecules with a chemical filter or an electrostatic filter, carrying out the flow of the nitrogen gas by 
which temperature control was carried out compulsorily within an optical path, if the permeability 
fluctuation to which a water molecule, a hydrocarbon molecule, etc. which are produced from various 
kinds of matter (** material, coat material, adhesives, a coating, a metal, ceramics, etc.) which exists in 
an optical path adhere on the surface of an optical element, and happen is taken into consideration. 
[0035] Next, with reference to drawing 2 , it explains per [ of the projection optics PL in the projection 
aligner of this example ] permeability measurement system. When performing transmission 
measurement of projection optics PL, as shown in drawing 2 , X-Y stage 24XY is driven and the light- 
receiving side of the exposure monitor 32 is set as the exposure field of projection optics PL. And pulse 
luminescence of the ArF excimer laser 1 is started, a part of ultraviolet pulsed light IL which carries out 
incidence to a beam splitter 8 is reflected, and incidence is carried out to the integrator sensor 9 as 
ultraviolet pulsed light ILL With this, incidence of ultraviolet pulsed light IL2 which passed projection 
optics PL is carried out to the exposure monitor 32, and the detecting signal of the integrator sensor 9 
and the detecting signal of the exposure monitor 32 are incorporated by juxtaposition at the exposure 
control unit 30. 

[0036] In drawing 2 , the detecting signal of the integrator sensor 9 is supplied to the direct permeability 
count section 63 and the amount integral section 64 of incident light as incidence energy Ei through the 
peak hold (P/H) circuit 61 and the analog-to-digital converter (hereafter referred to as "ADC") 62 within 
the exposure control unit 30. Although the direct permeability count section 63, the amount integral 
section 64 of incident light and the below-mentioned permeability operation part 67, and a control 
section 69 express with this example the function on the software performed by the microprocessor, 
respectively, it cannot be overemphasized that those functions may be realized by hardware, 
respectively. 

[0037] On the other hand, the detecting signal of the exposure monitor 32 is suppHed to the direct 
permeabihty count section 63 as transparency energy Eo through the peak hold circuit 65 and ADC66 
within the exposure control unit 30. In the direct permeability count section 63, the division of the 
transparency energy Eo is done with the incidence energy Ei, and the permeability T which computed 
and computed the permeability T of projection optics PL (= Eo/Ei) is supplied to the permeability 
operation part 67. Moreover, in the amount integral section 64 of incident light, incidence gross energy e 
which carries out incidence and which integrated with the incidence energy Ei for every ultraviolet 
pulsed light (addition), and computed and computed incidence gross energy e is supplied to the 
permeability operation part 67. Incidence gross energy e is reset by zero just before initiation of pulse 
luminescence. The permeability operation part 67 is approximated by functions [ of incidence gross 
energy e to which the permeability T supplied is supplied ] (secondary high order function [ more than ] 
or exponential function) T (e), and stores this function T (e) in memory 68. And at the time of exposure, 
by substituting incidence gross energy e supplied from the amount integral section 64 of incident light 
for function T (e) read from that memory 68, the permeability operation part 67 asks for the permeability 
T of the current projection optics PL (now), and supplies this permeability T (now) to a control section 
69. Although not illustrated, the incidence energy Ei from ADC62 is also supplied to the control section 
69, and the rate of extinction in the output and the adjustable beam attenuator 6 of the ArF excimer laser 
1 is controlled by the control section 69 so that the light exposure of the ultraviolet pulsed light in each 
point of the resist on Wafer W tums into proper light exposure using the incidence energy Ei and 
transmission T (now). 

[0038] Next, change of the permeability of projection optics PL is measured in this example, and with 
reference to the flow chart of drawing 3 , it explains about the actuation in the case of performing scan 
exposure, performing light exposure control based on the measurement result. Measurement of the 
permeability is performed at the time of operation initiation of a projection aligner, and exposure 
actuation initiation etc. First, in step 101 of drawing 3 , as shown in drawing 2 , the light-receiving side 
of the dose monitor 32 is set as the exposure field of projection optics PL, and the synthetic numerical 
aperture of fixed blind 15A and movable blind 15B is set up to 100%. In this example, in order for the 
purpose to ask for the relation of the maximum of incidence energy and transmission to projection optics 
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PL, Reticle R is removed from reticle stage 20A, and the scan of reticle stage 20A is not performed, 
either. And pulse luminescence of the ArF excimer laser 1 is started. 

[0039] In step 102 following it, the incidence energy Ei corresponding to the energy which actually 
carries out incidence to projection optics PL, and the transparency energy Eo corresponding to the 
energy which actually passes projection optics PL are generated with the exposure control unit 30 of 
drawing 2 by incorporating the output signal of the integrator sensor 9 and the exposure monitor 32 to 
juxtaposition. And the incidence gross energy e till then is computed for every pulse luminescence by 
integrating the amount integral section 64 of incident light of drawing 2 with the incidence energy Ei, 
and permeability T (= Eo/Ei) is computed in the direct permeability count section 63. This actuation is 
continuously performed for every pulse luminescence till measurement termination. In addition, what is 
necessary is to use a sample hold circuit for a change of the peak hold circuits 61 and 65, and just to 
compute permeability T with a predetermined time interval in the direct permeability count section 63 in 
the amount integral section 64 of incident light that what is necessary is just to carry out sequential 
addition of the detecting signal with a predetermined sampling rate, if exposure light is continuation 
light. 

[0040] Next, in step 103, incidence gross energy [ in each measurement time ] e and permeability T are 
incorporated by the permeability operation part 67 in the exposure control unit 30 at intervals of 
measurement which becomes sufficiently short spacing, for example to the exposure time of one shot. At 
the following step 104, although it is judged whether it is measurement termination, measurement time 
amount is set up so that incidence gross energy e at the time of measurement termination may become 
sufficiently large to the incidence gross energy accumulated between exposure of one shot. 
Measurement time amount is number sec- number lOsec as an example. And after it repeats 
incorporation actuation (count actuation) of the measurement data based on the transmission operation 
part 67 of step 1 03 at intervals of predetermined measurement and predetermined measurement time 
amount passes, actuation shifts to step 105 from step 104, and is stored in memory 68 in quest of 
transmission [ of projection optics PL ] T (e) by the transmission operation part 67 as a function of a 
series of incidence gross energy e. This is equivalent to memorizing the condition of permeability 
change of projection optics PL over the incidence energy Ei. Function [ of the permeability ] T (e) is 
used at step 109 under scan exposure. 

[0041] Then, when performing scan exposure, unlike a step-and-repeat method, in the projection aligner 
of step - and - scanning method, performing light exposure control using both a scan speed and the light 
control (the rate control of extinction of the adjustable beam attenuator 6 being included) of the exposure 
light source is performed. That is, considering one on a wafer, the scan speed of the wafer stage 24 and 
the quantity of light of the exposure light source are controlled so that the predetermined light exposure 
to which the point becomes settled from resist sensibility etc. in the time amount which passes through 
the exposure field of the shape of a slit by projection optics PL is irradiated to flie point. 
[0042] Here, it is the reference value of the output per unit time amount of the ArF excimer laser 1 
(namely, oscillation frequency x pulse energy) EO It is referred to as [W]. Furthermore, below, let the 
output be the value which multiplied by the rate of extinction in the adjustable beam attenuator 6. And 
when scan lay length of S [cm2] and its exposure field is set to L [mm] and resist sensibility is set [ the 
initial permeability of projection optics PL ] to I [J/cm2] for the area of the exposure field of the shape of 
TO and a slit, it is the initial value VwO of the scan speed of the wafer stage 24 at the time of scan 
exposure, [mm/sec] is as follows. 
[0043] 

VwO =(L-EO and TO)/(I-S) (1) 

A scan is performed immediately after scan exposure initiation, maintaining the relative physical 
relationship of Reticle R and Wafer W so that the wafer stage 24 may serve as the scan speed. That is, 
when scan exposure is started, in step 1 06 of drawing 3 , as shown in drawing 1 , Reticle R is laid on 
reticle stage 20A, and the wafer W with which the resist was applied to the wafer holder WH on the 
wafer stage 24 is loaded. And after incidence gross energy e is reset by 0 within the exposure control 
unit 30, the scan of reticle stage 20 A and the wafer stage 24 is started, when the synchronization of a 
scan is taken, pulse luminescence of the ArF excimer laser 1 is started, and the incorporation by the 
exposure control unit 30 of the detecting signal of the integrator sensor 9 is also started. Then, movable 
blind 1 5B opens gradually and the imprint to the shot field concemed on the wafer W of the pattern 
image of Reticle R is started. The information on the synthetic numerical aperture of fixed blind 15A 
and movable blind 15B is supplied to the amount integral section 64 of incident light of drawing 2 . 
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[0044] And in step 107, the incidence energy Ei is measured through the integrator sensor 9 of drawin g 
2 the peak hold circuit 61 , and ADC62 for every pulse luminescence, and this incidence energy Ei is 
supplied to the amount integral section 64 of incident light one by one. In step 108 following it, in the 
amount integral section 64 of incident light, the energy which multiplies the incidence energ/ Ei 
supplied for every pulse luminescence by the numerical aperture at that time, and is obtamed is 
integrated, it asks for the incidence gross energy e till then, and incidence gross energy e from this 
exposure initiation is suppUed to the permeability operation part 67. In the following step 1 09, the 
incidence gross energy e is substituted for function T (e) (namely, permeability data) which expresses 
with the permeability operation part 67 the permeability read from memory 68, and the permeability T 
(now) which computed and computed the permeability T of the projection optics PL current with a 
predetermined time interval (now) is supplied to a control section 69. It is made for the frequency of this 
count to become sufficiently short to the exposure time of one shot. That is, permeability count of 
projection optics PL is repeated over multiple times in the exposure time of one shot, and it asks for the 
permeability in this time in real time always mostly. , „ • . , , n 

[0045] A control section 69 controls the output of ultraviolet pulsed light IL by the following step 1 lU 
based on the supplied permeability T (now), here - the scan speed Vw of the wafer stage 24 - VwO of 
(1) type from -- what is necessary is just to fix the illuminance (per unit time amount, energy per unit 
area) in the front face (wafer side) of the wafer W of ultraviolet pulsed Ught IL, in order to make 
regularity light exposure in each point on Wafer W, if it is not made to change Namely, what is 
necessary is just to change the output of the ArF excimer laser 1 so that change of the permeability T ot 
projection optics PL (now) may be offset (making it in inverse proportion to the permeability 1 (now)), 
the value of the permeabiUty T of the projection optics [ in / a certain time of making it such concretely 
and asking / 1 ] PL (now) - Tl and the initial permeability of projection optics PL -- the reference value 
(initial value) of the output of TO and the ArF excimer laser 1 - EO ** -- the target output of the ArF 
excimer laser 1 for carrying out and making regularity the illuminance of ultraviolet pulsed light IL in a 
wafer side -- Et ** ~ if it carries out - Et It asks as follows. 

Thet!l^confrorsSon^69 ifthe target output Et for which the output of ultraviolet pulsed light IL wWch 
passes the adjustable beam attenuator 6 asked from (2) types. The output (an oscillation frequency and 
pulse energy) of the ArF excimer laser 1 or the rate of extinction in the adjustable beam attenuator 6 is 
controlled to become. Next, when scan exposure is not completed at step 1 11, actuation returns to steps 
107-1 10 again, and they are count of the permeability of projection optics PL, and the target output Et ot 
ultraviolet pulsed light IL at a predetermined time interval. The output control of count and the ArF 
excimer laser 1 is performed. And when scan exposure is completed, after actuation shifts to step 112 
from step 1 1 1 , luminescence of the ArF excimer laser 1 is stopped and exposure for one shot is 
completed (step 113), the exposure actuation to the next shot field is started (step 114). At the time ot 
exposure initiation of the next shot field, count of permeability is started as what has recovered the 
permeability of projection optics PL mostly to the initial permeability in step 1 06. 
[00471 Thus, according to this example, based on the integral value of the incidence energy to the 
projection optics PL measured through the integrator sensor 9, the permeability of projection optics PL 
is mostly measured on real time, and since the output of the ArF excimer laser 1 is controlled so that the 
illuminance of ultraviolet pulsed Ught IL in a wafer side becomes fixed based on ttiis measurement 
result, even when the permeability of projection optics PL changes, the whole surface of each shot field 

on Wafer W can be exposed with proper Ught exposure. . i. u 

[0048] In addition, although the output of the ArF excimer laser 1 is controlled by the gestalt of above- 
mentioned operation according to the permeability of projection optics PL as shown in (1) type, it is the 
output EO of the exposure light source. If fixed, it is the permeability TO of projection optics PL. Scan 
speed VwO of the wafer stage 24 It has a proportional relation. So, when the permeability T of projection 
optics PL (now) changes, the output of the exposure light source is fixed and the scan speed of the wafer 
stage 24 may be controlled in proportion to permeability T (now). However, this control can be 
performed in the range in which a scan speed does not reach the upper limit which becomes settled by 
the stEi&e svstern 

[0049] Next it explains per gestalt of operation of the 2nd of this invention. Although the projection 
aligner of diwin^ is used also by this example, the measurement approaches of change of the 
pernieability of projection optics PL differ. Then, with reference to the flow chart of drawmg4 it 
explains about measurement actuation of change of tiransmission and scan exposure actuation of the 
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projection optics PL in this example. In case transmission change of projection optics PL is measured, 
this is made to scan like the time of actual exposure in this example using the actually exposed reticle R. 
the scan speed of reticle stage 20A (reticle R) of drawing 1 in the case of this measurement -- the output 
of Vm and the ArF excimer laser 1 - Em ** -- carrying out -- the scan speed at the time of those actual 
scan exposure - Ve and an output - Ee ** -- when it carries out, it is made for the following relation to 
be realized among these 

[0050] Vm /Em =Ve /Ee (3) • u • i 

That is, it is made for the total quantity of light which carries out incidence to projection optics PL while 
scanning Reticle R from scan initiation to the location of a certain arbitration to become the same in the 
time of measurement and scan exposure. It is Vm =Ve though natural. Becoming is desirable. In 
addition, the quantity of light which actually carries out incidence to the projection optics PL of drawin g 
2 is the quantity of light which multiplied the pattern transmission (= area of the lighting field on the 
area / reticle R of the transparency section in a lighting field) of Reticle R by the incidence energy Ei 
measured by the integrator sensor 9 in the case of this measurement. In addition, since pattern 
permeability is also the value which deducted pattern abundance from 1, it may use this pattern 
abundance. Moreover, the transparency energy Eo measured through the dose monitor 32 becomes what 
multiplied the pattern permeability of Reticle R, and the permeability of projection optics PL by the 
quantity of light which carries out incidence. The object which pattern transmission is known as a 
function of the location X of Reticle R, and asks for it from the design data of Reticle R here is the 
transmission of projection optics PL. Then, the permeability T of projection optics PL can be found 
[ permeability / of Reticle R / pattern ] from T, then the following formulas in the fiinction TR of a 
location X (X), and the permeability of projection optics PL using the transparency energy Eo measured 
through the incidence energy Ei measured through the integrator sensor 9, and the dose monitor 32. The 
synthetic numerical aperture of fixed blind 15A and movable blind 15B has taken more advantaging of 
the function TR of the pattern transmission (X) at accuracy. 
[0051] 

T=(1/TR (X)) x(Eo/Ei) (4) a 
Then, first, as step 121 of drawing 4 is shown in drawing 2 , the light-receiving side of the dose monitor 
32 is set as the exposure field of projection optics PL, Reticle R is laid on reticle stage 20A, and reticle 
stage 20A moves to a scan starting position. In the following step 122, the design data (reticle data) of 
Reticle R is called from a non-illustrated host computer, and the pattern permeability TR corresponding 
to the location X of the scanning direction of Reticle R (X) is computed by the main control systeni 27 
of drawing 1 . Then, in step 123, the scan of reticle stage 20A (reticle R) is started by the command of 
the main control system 27 like the time of actual exposure, and luminescence of the ArF excimer laser 
1 is also started. Reticle R is scanned to a scan termination location in the direction of +, or the direction 
of X 

[0052] And the location X of reticle stage 20 A measured through the drive control unit 22 at step 124 is 
supplied to the main control system 27, the incidence energy Ei measured through the integrator sensor 9 
for every pulse luminescence is supplied to the direct permeability count section 63 and the amount 
integral section 64 of incident light, and the transparency energy Eo measured through the exposure 
monitor 32 is supplied to the direct permeability count section 63. In the following step 125, from the 
location X of reticle stage 20A, the main control system 27 computes the pattern permeability TR 
current with a period shorter than the period of pulse luminescence (X), and supplies a calculation result 
to the direct permeability count section 63 and the amount integral section 64 of incident hght. Incidence 
gross energy e is computed by integrating the amount integral section 64 of incident light with the value 
which multiplied the incidence energy Ei by the pattern permeability TR (X) for every pulse 
luminescence (addition), the permeability operation part 67 is supplied, in the direct permeability count 
section 63, the permeability T of projection optics PL is calculated by substituting the incidence energy 
Ei and the'transparency energy Eo for (4) types, and a count result is supplied to the permeability 
operation part 67. Actuation of step 1 25 is repeated with a predetermined time interval, when 
measurement is completed, it shifts to step 127, and in the permeability operation part 67, it asks for the 
permeability T of projection optics PL as function [ of incidence gross energy e ] T (e), and this function 
T (e) is stored in memory 68 until it becomes measurement termination at the following step 126 (i.e., 
until Reticle R moves to a scan termination location). u 
[0053] Then, when actually performing scan exposure, in step 128, like step 106 of drawing 3 , as shown 
in drawing 1 , the scan of Reticle R and Wafer W is started, and luminescence of the ArF excimer laser 1 
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is started. And in step 129, measurement of the location X of Reticle R is performed by the drive control 
unit 22 a predetermined period, and measurement of the incidence energy Ei by the integrator sensor 9 is 
performed for every pulse luminescence. And the pattern permeability TR (X) computed from the 
location X of Reticle R is supplied to the amount integral section 64 of incident light of drav^ing 2 , and 
the amount integral section 64 of incident light calculates incidence gross energy e by integrating with 
the value which multiplied the incidence energy Ei by the pattern permeability TR (X), and supplies a 
count result to the permeability operation part 67. In step 130, by the permeability operation part 67, the 
permeability T of the current projection optics PL (now) is computed by substituting the incidence gross 
energy e for function T (e) memorized by memory 68 at step 127, and a calculation result is supplied to 
a control section 69. And in step 131, the output of the ArF excimer laser 1 or the rate of extinction of 
the adjustable beam attenuator 6 is controlled by the control section 69 so that fluctuation of the 
permeability of projection optics PL is offset like step 1 10 and the illuminance of ultraviolet pulsed light 
IL on Wafer W becomes fixed. Subsequent steps 132-135 are the same as steps 1 11-1 14, and the scan 
exposure to the shot field concerned and the exposure preparations to the next shot field are made. 
[0054] According to this example, since the pattern permeability of a reticle is also taken into 
consideration, fluctuation of the permeability of the projection optics PL at the time of actual scan 
exposure is more detectable to high degree of accuracy. Therefore, the control precision of light 
exposure is also improving. In addition, although Reticle R shall be scanned in the direction of 
arbitration in the above-mentioned example at the time of transmission measurement, a possibility of 
changing delicately also has the form of function T (e) which expresses the transmission of projection 
optics PL by the scanning direction. Then, the function Tl (e) and T2 (e) are calculated for every 
scanning direction, and you may make it use the function Tl (e) and T2 (e) properly according to a 
scarming direction at the time of scan exposure. When the pattern transmission of a reticle is not 
symmetrical, or when the transmission of the substrate of a reticle itself is not symmetrical, light 
exposure control is performed with high precision by this. 

[0055] Next, it explains per gestalt of operation of the 3rd of this invention. The projection aligner of 
dr awing 1 is used by this example, and fluctuation of the permeability of the projection optics PL after 
an exposure halt of ultraviolet pulsed light IL is also measured in this example. That is, in the gestalt of 
the above-mentioned 1st and the 2nd operation, it was the premise that the permeability of projection 
optics PL returned to an early condition immediately after an exposure halt of ultraviolet pulsed light IL, 
and only the exposure for every one scan exposure was simply taken into consideration, and it was 
asking for change of the permeability of projection optics PL. However, depending on the recovery rate 
after an exposure hah of ultraviolet pulsed light IL, permeability may not be enough recovered to an 
initial state by exposure initiation of the following shot after exposure termination of a certain shot. 
Since light exposure big when the low sensibility resist is used especially is needed, change of 
permeability becomes large, and since there is a possibility that it may become inadequate recovering the 
permeability between shots also when shortening the stage stepping time between shots etc., in order to 
be hard coming to recover permeability between shots to an initial state and to aim at improvement in 
the throughput of a projection aligner, it is necessary to take into consideration the permeability 
fluctuation after an exposure halt of ultraviolet pulsed light IL. 

[0056] Then, with reference to the flow chart of drawing 5 , it explains about measurement actuation of 
change of transmission and scan exposure actuation of the projection optics PL in this example. First, in 
steps 141-145 of d rawing 5 , like steps 101-105 of the gestalt of the 1st operation (the gestalt of 2nd 
operation may be the same as that of steps 121-127), change of the permeability of the projection optics 
PL under exposure of ultraviolet pulsed light IL is measured, and it memorizes in memory 68 in quest of 
permeability T (e) in this example as a function of incidence gross energy e. Next, in steps 147-1 50, 
change of the permeability of the projection optics PL when not irradiating is measured, and it expresses 
with the function of elapsed time. 

[0057] Where the light exposure which added the predetermined margin to the maximum light exposure 
assumed by projection optics PL at step 146, for example concretely is irradiated, luminescence of the 
ArF excimer laser 1 is stopped. Then, the elapsed time t from a luminescence halt is measured at step 
147, in the direct permeability count section 63, the permeability T of projection optics PL (= Eo/Ei) is 
computed from the transparency energy Eo and the incidence energy Ei at a predetermined time interval 
by making the minimum pulse number emit light momentarily to the ArF excimer laser 1 of d rawing 2 
in step 148, and this permeability T is supplied to the permeability operation part 67. When the count 
repeat of predetermined and measurement end measurement of this permeability, actuation shifts to step 
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1 50 from step 149, in the permeability operation part 67, approximates the permeability T of projection 
optics PL as function [ of the elapsed time t from a luminescence halt of ultraviolet pulsed li^t IL ] T 
(t), and memorizes this function T (t) in memory 68. As fiinction T (t), the secondary more than function 
of the elapsed time t which made the multiplier undecided beforehand, or an exponential function can be 
used. 

[0058] Curvilinear 70C of drawing 6 shows an example of change of the permeability T of the 
projection optics PL after an exposure halt of ultraviolet pulsed light IL (= Eo/Ei), the axis of abscissa of 
this drawing 6 is the elapsed time t from an exposure halt (hour), and an axis of ordinate is permeability 
T (relative value). Moreover, curvilinear 70A shows the incidence energy Ei (relative value) 
momentarily supplied to permeability measurement, and curvilinear 70B shows the transparency energy 
Eo (relative value) measured corresponding to the incidence energy Ei. Once recovering greatly, after an 
exposure halt of ultraviolet pulsed light IL, the permeability T of projection optics PL is falling 
gradually, so that the curvilinear 70C may show. Function [ of the elapsed time t which approximated 
the curvilinear 70C to memory 68 ] T (t) is memorized. 

[0059] the time of subsequent scan exposure - the permeability operation part 67 of the main control 
system 27 of drawing 1 to drawing 2 ~ receiving - under the exposure of ultraviolet pulsed light IL — or 
~ for example, the information which shows whether the exposure of ultraviolet pulsed light IL is 
interrupted in stepping between shots is supplied. Or in the permeability operation part 67, you may 
judge whether it is under [ exposure ]******** by the existence of the incidence energy Ei from 
ADC62. In step 151 of drawing 5 thus, in the permeability operation part 67 While ultraviolet pulsed 
light IL judges whether it is under [ exposure ] ******** and is irradiating In step 1 52, incorporate 
incidence gross energy e from the amount integral section 64 of incident light with a predetermined time 
interval, and it sets to step 153. It asks for the current permeability T of projection optics PL (now) from 
this incidence gross energy e and function T (e) memorized by memory 68 at step 144. And actuation of 
steps 152-154 is repeated until it controls the output of ultraviolet pulsed light IL to offset change of the 
permeability T (now) like step 110 of drawing 3 at the following step 154 and scan exposure is 
completed at step 155 below. 

[0060] Then, after scan exposure is completed at step 155 and the exposure to one shot field is 
completed at step 159, when it is judged whether the exposure to all shot fields was completed at step 
160 and exposure is not completed, it returns to step 151. In this case, since it is among stepping in order 
that the wafer stage 24 may move the next shot field to a scan starting position, and the exposure of 
ultraviolet pulsed light IL is interrupted. Actuation shifts to step 156 from step 151, and the permeability 
operation part 67 calculates the permeability TA of the current projection optics PL from incidence gross 
energy e currently first supplied from the amount integral section 64 of incident light at the time, and 
fiinction T (e) memorized at step 145. And just before the scan exposure to the next shot field starts, in 
step 157, the permeability operation part 67 computes the permeability TB of the current projection 
optics PL from function T (t) memorized at old elapsed time t and old step 1 50 from exposure 
interruption of ultraviolet pulsed light IL. In this case, if elapsed time t sets the value of permeability [ of 
0 ] T (0) to TC, it will set to step 1 58 and the permeability T with the current projection optics PL more 
nearly actual than a degree type as an example (now) will be computed in the permeability operation 
part 67. 
[0061] 

T(now) =TA-TB/TC (5) 

And when the scan exposure to the next shot field is started and actuation shifts to step 152 from step 
151, light exposure control is performed as a value which becomes settled by (5) formulas about the 
initial value of the permeability of projection optics PL. Thus, when the exposure to all shot fields is 
completed at a line crack and step 160 by the scan exposure to each shot field, exposure actuation is 
completed at step 161. 

[0062] Thus, since fluctuation of the permeability of the projection optics PL at the time of the exposure 
of ultraviolet pulsed light IL being interrupted between shots is also taken into consideration according 
to this example, the light exposure to each shot field on Wafer W is controlled more by high degree of 
accuracy. Next, scan exposure of drawing 5 is explained with reference to the flow chart of drawing 7 
about an example of actuation in the case of using at the process which actually forms a circuit pattern 
on Wafer W. First, in step 171 of drawing 7, Reticle R is loaded on reticle stage 20 A of drawing 1 . In 
the following step 172, a metal membrane is vapor-deposited on the wafer for exposure (it considers as 
Wafer W), and in step 173, after applying a resist on the metal membrane on the wafer W, Wafer W is 
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loaded on the wafer stage 24 of the projection aligner of drawin g 1 . Next, in step 174, the pattern image 
of Reticle R is exposed to each shot field on Wafer W by the scan exposure method, controlling the 
quantity of light of ultraviolet pulsed light IL like actuation to steps 151-161 of drawing 5 , to offset 
change of the permeability of projection optics PL, so that the illuminance of ultraviolet pulsed light IL 
on Wafer W becomes fixed. 

[0063] Then, in step 175, after developing the resist on Wafer W and etching the metal membrane on 
Wafer W by using the resist pattem as a mask at step 176, a desired circuit pattern is formed in each shot 
field on Wafer W by removing a resist pattem. Then, Wafer W shifts to the formation process of the 
circuit pattem of the following layer. In this case, by this example, since the optimal light exposure is 
obtained in each shot field on Wafer W, a desired circuit pattem is formed in each shot field on Wafer W 
with high imprint fidelity. 

[0064] In addition, although the gestalt of the above-mentioned operation applies this invention to the 
projection aligner of step - and - scanning method, this invention can be applied also when exposing 
with the projection aligner (stepper) of a step-and-repeat method. In the case of a stepper, the exposure 
time is controlled by the process corresponding to steps 1 10 and 1 1 1 of drawing 3 so that the addition 
light exposure to the shot field concerned on a wafer becomes a predetermined value, 
[0065] In addition, of course, configurations various in the range which this invention is not limited to 
the gestalt of above-mentioned operation, and does not deviate firom the simrunary of this invention can 
be taken. 
[0066] 

[Effect of the Invention] according to the projection aligner of this invention, this permeability change is 
beforehand measured and memorized using permeability change of the projection optics fi*om exposure 
initiation of an exposure energy beam showing the variation of about 1 law according to an exposure. 
And since change of the permeability of projection optics is presumed firom the amount of exposure 
energy beams which carries out incidence to projection optics at the time of actual exposure and light 
exposure is controlled according to change of this permeability, there is an advantage which can prevent 
degradation of the control precision of the light exposure resulting from the illuminance fluctuation (or 
pulse energy fluctuation) on the substrate generated by permeability fluctuation of projection optics. 
[0067] Moreover, it is not necessary to add a new sensor which measures the light exposure on the 
substrate side under exposure, and constraint of the tooth space near the stage by the side of a substrate 
is not received. The permeability property storage section in this case, besides the rate of change to the 
total amount of incidence energy of the permeability of projection optics The rate of change of the 
permeability of the projection optics over the elapsed time after interrupting the exposure of an exposure 
energy beam is memorized. An operation system Two kinds of rate of change of the permeability 
memorized by the permeability property storage section, the output of the amount addition system of 
incidence energy. And even when computing the transmission of projection optics serially based on the 
elapsed time after interrupting the exposure of an exposure energy beam and the transmission of 
projection optics is not fiilly recovered after interruption of the exposure of an exposure energy beam, 
change of the transmission of the projection optics can be presumed correctly. 

[0068] Moreover, when this invention is applied to the projection aligner of a scan exposure method like 
step - and - scanning method, good light exposure control precision is acquired by controlling light 
exposure by the scan exposure method so that a fixed illuminance is obtained in respect of a substrate, 
corresponding to permeability fluctuation of projection optics. Next, according to the exposure approach 
of this invention, by measuring the permeability in the condition of having actually used the mask at the 
time of measurement of change of the permeability of projection optics, using the projection aligner of a 
scan exposure method, incorrect-measuring permeability change of projection optics is prevented, and it 
can raise light exposure control precision by fluctuation of the amount of incidence energy by the 
difference in the pattem consistency of a mask. 

[0069] Moreover, according to the manufacture approach of the circuit device of this invention, a circuit 
pattem can be formed on a substrate with high imprint fidelity using the projection aligner of this 
invention. 
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1 5 B(Dmnm(o^mm^um=i=-y f 3 o{ct#^*& 

itl. -(yy-f\y~^-ty'^^<D^mmti^hMibibt\ 

t*fr§iii^oAW)^«t^So 
[0 0 2 6] \y^^)\'fv4yYwm \ ^(DmM.-^'y^ 

y F 1 5 AT'XU -y Fi^lcfi}^$nfc^^/^;I/X)t I L 
i^^fflUyXmi 7, S*t^7-1 8. &I>*±ny 

T-'y-y-uyX?^ I 9^/M.T. i^^^/i^RtoiBigs/^^- 

>'M^±-e@S7v'l'y F 1 5 ACOX'J -y hl^OP^P^iP 

ss^^-rvFi sAcoMpgp, ximmyv^yh' I 



(6) 
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5 B(DiKipa5oBaiiiS{±> mm\yyx% i ? t-i.ay 

10 0 2 7} m9\-'^)^:^yt\ L(D^tX\ U^^)lR(0 

fiimyt^^ p L LTm^i^^s^^^ n ( 13 lif^ij^ 

1 / 4 , \/5m) r\ myt^^ p l ©^sitEfcas 

Jitcts^^nso =t(Dmytmmi.. >^x/n±(7:^?S(o-> 

5o P Hi> '>"^^h'J-y^l^ (ia«T 

[0 0 2 8] CfDilts l^g'i'yl'Ra^ U^^/bXr- 
v/'ZOAitc^saf^^^n, U^i?;l'7.f— ^^2 0A 

X73iS], Y:'3iSi. 
«H$nT</^?)o U'f-^;l/Xr->'2 0 A (U'^^'/l/ 

R) cD2i>:7te^^fitB. Rzfmtimmmm'&:^-y h 

2 2 1^ O tf'Ti^lt J; o T 'J 7 ;!/ ^ is tc s+»J $ n 

•r5nytfa-^i;»)*5±»P?^2 7*^?>©$fJ®1ti} 
ICS-:5V>T. Sg»i$ijfflla:z>y h2 2rt<D|g«)^-^' (U 

-i;2 oAco^atJSie, Rmasosimff^o 

[0 0 2 9]-:^. ■>x/^W^i> >>X/N.t^;l^^?'WH^^> 3 
LTZ^;^^7.r->>■2 4 Z±fc®««^$n, Zf-)V 
b7.r-i^2 4Zli. ^3]^^^^PL(Di!ffit¥tTftX 
Y WciBo T 2 i^TCi^iJ-r 5 X Y Xr- V/' 2 4 X Y± 
tcS^^n. Zf-;l/hXr-v/'2 4 ZRXSXY 7.t-'J 

2 4XY<J;0'i'X>'N:^r— >'2 4*^«fi54$nTl/^l)„ Z 
f-;l/hXT->'2 4 «j7X/NWC07:t-*Xfi[B 

T'S^Tt^?^ P L (Dimi^-^t>-^'^^^ X Y Xr->^ 2 
4XYt4'i'X/>W(DX:/3|p]'\CD^3i^Ss RD'XT^Io]. ^ 
Yl^l^'NCDX-f-ylfy^'^ff^o Z^;PhX-f-v'2 4 
Z (■^x/^w) ®2:^^Sfl^*{uH, &U'(Hl$5ftf±|gii*i| 
ffllrtx <y b 2 5 CD I/— <f =Fj$H-{c o T 'J 7/1/ ^ A 

0)-7^—^m) fi. XYXx-'>*2 4XY(D 

^^m&s ikx}\m(r)vm^fi^o -^x/NwcTJuifE^M 

±$1)191^2 7 Rt;igi)Si|Sil:3.x>y V2 2^i\LX\y 
iVT^T-V 2 0 k^mit^^tX'WE'^^^o 
[0 0 3 0] ±»^2 7(i, V=f-^)\^7.7—'JZ0 
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A . X Y 7.7— 2 4 X Y (O^n^tKD^miLm. 

mmm. mnmm. fiH^7-b-y b^o^stta?: 

Sgi/)$i)'^ax'y h 2 2St?2 5(CjM5o *tT> ^gSSI 
■micii.. U^i^;l/Xx—:^2 0A^/>bT^^/WX 
L©!iBflMJiSfcWbTU^^';i/R*Hx:^i6) (X«i 
-XT^rS]) fcjiirv r-e^S^n?>(0(c|Hi^UT, xy 

Xr-'>*2 4 XY^/MxTUf-^^l'R®''^^-^^'^^ 

■ytmmcMLx^x/^yNti^-xyji^ (Xti+x:^i6i) 

3i)t/3 • V r (/3liL/^^;l/R*^P)'i7XMW'\<7)tSI^^ 
[0 0 3 1] Sfc. ±M'l»m2 7ti. m(0]^^i')\^y 

y-fyi^mmi 6i^tstte.nTt/>5pj»-7^-i'>K i 

2 0 A ©i^ii i: mmt s tztbopm^n a o Mfciiij 

aP3S2 7li> 'j7X/NW±<0&i^3-y hMl^'Obv'Xh?: 

T, s)tMii:3.x<y h 3 0 ti^^mbxmm^jinytiy- 
^yT.^M^it^o <^3Lf\\N±(D 1 0(D'>3 -y h 

MJ^'NtD^ss^tFj^ji&oii^^^iS'i®?^ 2 7 A^e.sy6$'J 

SlJi- <y h 3 0^i:||■^^P)n5^^ SW^:^.- -y h 3 0 

t±A r Fx+i/vu— y-'T^iis 1 «si^^^i(a-r5 i:« 
ic, ^yT^U—$''by^9^-n'Lxnmyt^^?u^ 

isax>y h 3 0 -e«, ttxE<?) J: o ^ct(Dxm^m(om'^ 

^tfSUT, ^4m^(D'>XMW±<DUv^Xh(DSj^ 
-ejiiEII)^«^t#5>n?)j;9te:^ A r Fx+i/vl/— 9* 
mi 1 OW:^ (fSSJSIjSIS, &t>*/^;l/7.x^;l/:¥^-) R 

•y hmJI('\<^)^S^7t©3||7^(c. ArFx+~>TU- 

[0 0 3 2] $fc. 7ji:fi?IJcDZf-;l/h7.x->^2 4 Z±0 

3 ztmmin. mMm'e=.'^3 2<o^m^^ 
n^wax-y h 3 o(c«*&$nTv^?.o mmm^-^ 

3 2ti. JS»)t^l^P L{c<J:^®)tMM£0^f*^a9:A; 
t$«§)tffi^li^, XYXr- v>"2 4XY^Sgi)tr 

-^t^ctx. sK)^^mPL^a3iu/c^n/^;i^x)t 
1 L(D^m^m\xt^c ^mxit. -ryr^"u-^-t 

^mp L(D)Sja^>&itiJ-r5o **3^ ra|^«*x^3 2 
©f^t> tc> 't(Dm^nm^x<Dytm^^^tYmt^tz 

[0 0 3 3] *fi?ljT'«A r F X+'^VU-tf^lfiif, 1 ^ffl 

7A. 7B. Mtc77-rr-ru'yxi i-i^yxy+j- 
50 1 9'^x(r>^w^miim:'A%ts^vm-tm-7 
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[0 0 3 4] ^<r>mm%-n7.n'm,\t. ^ir^-^y/^ 



5 A ;V 7 ;U ^ •H?>i5?« 7 f- ;l/ ^ tc J; o T ^- n 6 

[0 0 3 5] :^^{c, :^m(Dmm^^micisif^^^^ 
^% p L«Digii'^8+iji^icotBi 2 ^mmLxmnt 

tC/Tx^i^fC. XYXx-v'2 4XY^!S«)bTB8*ta 

3 2 (D^^mtm^'m^ ? l cD%)t^i?!((c^^ 20 

tLX-(y^^v—^'ty^Q\txm^o cn^« 

!iM«^:-5'3 2t!:X*fL> i'>x^l/-^-b>'9-9C0 
RC^WS^-^fS 2co^fflM^«M5iJ{cS 
)t$i)ipa- h 3 OtcajOjASn^o 

[00 3 6] 02{cfev^T, -ryr^u-^^-fe^^-y-gro 

I^HlfM^li, b 3 O^X'\i-^ts-)VY 30 

(P/H) 0gS6 K &tf7ta^*-r>'^;l/^j^g§ 
aXT, TADCJ 6 2^/1-LrA*tx^>;l/^ 

E i t Lxm.'mm^^umQz. msxm^mm.'ii^ 

Q A\zfmz^X^^^o iigjgji^W-ffSPe 3> A*t7t 

fT*n5V7b':7x7±<o«itg^^-rfe<D-es5A\ ^ 
n^nrnt^^tn^ri^s-V"^ j.7X'%m.Lx^i^^^c 

[0 0 3 7] B^lta^-^ 3 2(75^tBfe^a, S 40 
)te$ilt3|a - -y h 3 0 P^T If- ^ F [elSS 6 5 , &CF 
A D C 6 6 L'Cjgjix^;U^' E o i: LTilSjiil^ 
l+Sgpe 3tc«^$&$nTV^5o iHgSja^H-»a56 3T* 

ig)ix^.;l/4^- E 0 ^AI^x^.;l/:¥^- E i 
TSIJt^^ISP L(0^)i*T (=Eo/E i) ^SUi 

StcAWx^wb^-E i**^^' LTAttex^. 

e WW b/cAWS^^x^-.;U4^-e 

^ill»SI56 7ti:«*&-r5o AWl^x;?./!/:?- e a. ,\)\, 50 
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g[a56 7ii> #ti!i&$nsjiji^T^m$&$n5A*t^x 

^) T (e) Xi&.^L. C<DmWLl (e) ^/^'J6 8 
\.c)mt^o ^-LT, S7t^KSil^MWg|56 7«, A 

%mmm'/}% a 4 A^em^ns Amife:x^.;i/4^- e ^ 

•^(D^^rU 6 8*^P>S!^tB$n/'cMSlT (e) (cj^Ar 
SCi;(Cj:oTlH5EtDlSKit^^PL(D^jS^T (no 
w) ^^46, i:(Djiji^T (now) 6 9 (C^ 

^m7fsXh^t)\ M»6 9tca, A D C 6 2 

*>e)OAi4x^;i/^-E i t>m$nTteo> str<aa56 

9r'tt> ^(OA*fx^;l/:¥;-E i, StfSji^T (no 
w) %ffll/>T'>x/>W±cDUv''X b©#;ST'(D^^1-'^;l' 
7.Jt<O0)t»*^jiIE^)t«i:* Settle A r Fx:^^i/-7 

[0 0 3 8] 'JK^C. *PlCt3l/>TS^)t¥I^P L«jg)i 

7a-f--\'-h^#B^LriiH^-r?.c, ^cojijg^oitsi] 

m 2 ^CTTst^ 0 ic, wMm'^^-^ 3 2 (Dg)tfflA^s^7i£ 
Lffin^mm^WL-^-^n. h^t'^-t^ki 5 a 

Rt>*oIII)7"^^y K 1 5 BcOi^^WftWP^*^ 1 0 0 % 

;S:l/>, ^LT, A r FX+i/VL/— lf)1d«10/^;l/Xfl 

[0 0 3 9] ^niC!Bg<7.T<y:^l 0 2{Ct3V>T, 02 

cOS7t$i|fflln.x-y h 3 0T:{ii'^^r^/U-^'-fe>^t9S 
t>"Mita^x^ 3 2 otti;']{M%%M^J(i:8j Oiityc fctc 
J;oT, ■!3^)t¥I^PL{c^^fcAif1-?.x^;l/4^-(c 

m-r5A«x^;i/4^-E i, m}m^%^%?L^m 

^(cfflji-r^x^v^I/^^-lc^lSt" -S^j^x:?;;!/^- E o 

««5^SB6 AWx*;l/:p-E 1 ^ft^LT^-n 

t T-(D AW^^x^-.;!/:^- e ^KHi L. il}^Sjl^a+»ai5 
eST'tijgji^T (=Eo/E i) ^Wmt^o C(Dm 

mmm^jiX'/^ji7.nytmcmmfncnntn^o 

1, 6 5(D^t>K)K-^y'fflt--)^¥m^^i^f^l'X. 

x^mmm^ss^G 4 ximmm^pfi^'^^y'f'J y^ 

[0 0 4 0] :!kIiC. 7.r'y:/l 0 3ti:*iV^T, MMm 
ax-y h 3 0 \H(Dl^^mn^Q 7 T'li, M^H 1 i^a 
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l/^So It-iJBtPHia, -mtLX^s e c~l!fl 0 s e c 

miXr>y7' 1 0 4 7b>?)X-r 7^1 0 SSc^tTLT. )S 10 
ii^j{|SSI5 6 7 T'l±, -jlcDA*t^x:?.;l/4^- e OMiJ 
i:LT^^)t^3^P LO^jS^T (e) ^^46Tp«^:<J 

T'feSo ^<0]gj@^^)KIST (e) {i^Sg8Jl6*<75Xr 

•yy 1 0 9T-^ffl$nSo 

[0 0 4 1 ] ^-cot^. ^SSTt^ff^tf^. Xx-yy- 
7y F • y;^S<DS]^S7tgBT'ti7.r-y y • 7 

ts) t(Dn-n^m^^xn')^tmit>n^o ep-s, -i'x 

M±cDimcoi/>T^^§i;, =f:<D}^t>m^%^lk? h 

X hm&mis^h-^^^m'S.(Dm^mi:i^'to)^^tnLxm 

[0 0 4 2] CZ.X\ A r FX+i/VU— »f7ieif,l 
mr^^/cOcDtH;^; (Ep-S, |gffiiaj^iSx/Vl/7.x;^;l/ 
rp-) (D»«Pi[%Eo [W] fi-rSo Mfc, ]:XTX\t^ 

<j:)\^ti\m^m9tmQx<D-mm^m\^rzm.tt^o t 30 

(D®)tnS«cOffliM^ S [cm' ] , *(DS)t^^O^S 
?3[6l<Dg;J«rL [mm] , Uv'X F,€JS^ I [J /cm 

jlScOSJ^iiVwo [mm/s e c] {t. :pi<D^oicfj: 
5o 

[004 3] 

Vwo = (L • Eo • To)/ (I • S) (1) 

mMil^-^tl^t. m3(D7sTy-/l 0 6tC*5l.>r, 01 
tei^f J: 9 1 1^^ ^ ;UX r- 2 0 A ±{c L/^ ^ ;!/ R *^ 
itHcfn, "t^x/NX-f— v'Z 4±cO'i'x/^.t^;^^WH^^: 
U->"Xh6^^?P*nfc't'X/NW;!)^P-K$n5o -^-L 
T, S^$i«ai:ix-y b3 0[^T'XI*i^x^;l/:^?-e*^0 
JdJ-fe-y h^nfcJ^. Pf-^/zi/X-f-v'Z 0 A&t>"'>x 

/NXx-v^"2 4cD^s*"fra^ife$n. mMommtm^n 
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ax-y F 3 o^««{»?)i*^tfjfiji&$n5o 

^icD•>x/^w±coSiS>'3 -y hSH^'Ntoe^A^Mii&^n 

So H^y^-O' K 1 5 A, RXf^m-:^y'<y F 1 5 B 

[0 0 4 4] ^LT, Xr-yy 1 0 7{ofel/^T, /^/l/X 

FdlSSe 1, &t>'ADC 6 2^/M.TAitx:?-,;l/^-E 
i*^s+iBi|^n, C(DA»tx^;l/4^-E i W^A*t)tft 
i«^g|56 4tc{ttl&$n?)o Wci!<Xr'y:/l 0 8tc 
fel/^T, A*f^««5i-a56 4T'a, /•^;UX|g)tSfcmi& 

?nsA*fx:?-.;i/^-E i ic^<Dt=^(Dmnm%fk\:x 

t# P> x^;l/^-:feag LT ^-ns Alli^x:^.;!/ 
^- e C (Omytmtfhi)-' ^ <OKM^:t.^)\^^- e 

^jSjg^tSSSP 6 7 (c«*S-r ?)o 'J^OXr >y 7° 1 0 9 (c 
fcV^r. SJi^illggiJS 7T't±, 6 8:^}^P>0gi^*m 

Lrcmm^mmm (e) (ep-^. igi^f-^') 

{c^OAI*i^x^;l/:^^-e^f^AbT, m^O^F^F^PH 
T'JlftCDiS^^^I^P LCDSig^T (now) ^^tti 

mmLrcmm^i (now) wfflia5 6 9{cmi&f 

+53'^< ^S J: ^{c-r So Ep-5. 1 v-a -y h(DS)ie^F^ 
cf{cfcl^T. «^[Hl{Ct>fcoTS^)t¥I^PLc7)Sja^ 

[0 0 4 5] '!K(07.T^V-f\ \0X\ $iJffl!gP6 9«. « 
3^$nfc^)i^T (now) tc»cJi/^T^i^/^;l'X7t I 
L(DHi;'3^SiJ^t-So cciT'fi, "i^x/NX-r— >''2 4cd 

^43i)evw% (1) ^ovwo *^e.^fb5-a-*i/^feo 

il^Si:, ';7XMW±(D^^ST'<DM^«^-^t-rS/j: 
46{cti. ^^/Vl/XJtl LcD'i^XMW©^® ("^x/N 

ffi) T?«B^)t (Wi^raSfcO. Wfiffi^SfcOWX^. 

gji^T (now) cD^{t^fflStS«fc^{c (^©^ji 
$T (now) fcSlt0lJ5-ti-T) , ArFX^S/TU- 
+f)ti^.ioai;^i^Ml:*-i±tit^<t(/v Mi^Wfc. ^(Dcfc 

ig^T (now) ©«[^T, , n^^^%vLO)mmm 
ffi mm'& ^Eo i:tT, •i7XMa-ecD^n>'^;i'X)t 

I LCDBglt^— ^{c-rS/c460A r Fx+i/Vb— if)t 
iil<osm:'3*E. i;-rsi:> Ec «J.:(T« J; ^ tc^ 

a6e)nSo 

[00 4 6] Et =Eo X (To /Ti ) (2) 

/I/Xt^I L(Dd^ti1i^ (2) ^J;0*i6/c@^ti5;^;E. 
^SiofCs A r FX+i/Tb— tf')fejil COW;'? (fIS 

niSis, &t;/'^;i/xx^.;i/4^-) , ^\<mw&%mx 
(omm-^mmt^o -xic. xr<y:/i i ix^^myt 
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1 1 7. -f-v:/! IZicmyLX. ArFX4^ 
i/v U— <f 1 <058)t*<{f ±5 n. I i/ 3 h 5^cDS 
■yttimjLrzm (Xr>y:^l 1 3) . :>:<D'>3-y hIiisK 
'\<?3®Jli:ilft;!)Tff1i!fe$nS (Xx>yyi l 4) „ '^X<D'> 

[0 0 4 7] C£DJ:3{c*0lJ{ci:ntf, -r^x^'b-^ 

A r Fx+i/vU— com;'3%»tTl/>5/c: 
W±<D#i^3 -y hMJ^t0^ffi*)iiES)ta-eS^-pfr 

So 

[0 0 4 8] **3, ±)i©^i5[6<D;g«8T*ti. myt^% 

P L(DJgji^{ClSi;T A r Fx4^i/vU— tfJ^jH 1 (DDi 
f]^mmLX^'^f}\ (1) J^J;^)^^*^?.J;^{c. m^t 

m(DmE. ti^-^x&m. is^T^^^PLcoiiii 
(now) timitLtcm-^icii.. m^ytm(ottiti^-^ 

{CLr*5l/^T, jgiM^T (now) {Ctt;e>JbT'>x/>X 
4(D^«)lje^W^tTfcJ;V\ flL, 

[0 0 4 9] i>[{c, imm(r>f^2(onm(DBm\c-o^m 

So ^c-e, *Wi:t3ltSl9]^)t^l^PL<^^ji$©^ 

5^+-hmB8tTiiiwrso *0>mijs^)t^i^p L 

z.(D%\M<DUcom 1 <OU^^;bXr— i^'Z 0 A (U^^i' 
;UR) O^SiSJt^V. , A r Fx^i/vU-if)^!® 1 

cDH^AMDiiOcfc^tC'rSo 
[0 0 5 0] V. /E. =Ve /Ee (3) 

V. =Ve i:*SO*<S$LV\ con-ffliJfDl^. 
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a 2 c0^9:^)^^?S P L fclll^Jc AS^-r S)tfi{i. -1- 
^••U-^-t>+^-9T?IW]^nSA#tx^.;l/4^-E i {CU' 

$nSM)ix;t-»'l'4^-E oti, AtJ-rST^ttfcUf-i^;!/ 

TgJSJT'fefJ, :*46SMii{iS]^)te¥I^PL«0^ji^T' 

nSAS^x^yI/::»^-E .TO«tx^3 2;£^>Lrit 
)»J$nSig3ix^;L':P'-E o^ffll^T. U^^/I/RO/^ 
^-»g>g*^fixBXCDMiglT R (X) , me9t^%P 

L oiiii^^ T t ttiki. ixr(D^^ K> m^%^% P L 

$©M8!(tR (X) tctt, m^zr3-fy\^l 5A&ZS^ 
20 M:/^'!'^ K 1 5 B©^^6<i:&p^p^*<^i;e>nT(/^ 

So 

[00 5 1] 

T= (1/TR (X) ) X (Eo/E i) (4) 

f J; 0 ic. m>it^% p L <Dmmmnmim.=tz.^ 3 

2©§?iefflA^IS^$n. bf^^;l/Xx-i<?2 0A±fi:L/ 

llbiiLmiC^mt^o ^X<D7.f-yfl 2 2{Ct3V>T, 01 
C0±$|JSI?^ 2 7 J; o T0lj;^lf ^0^cO4-xX h n y tf a 
30 -^?J;Obf-i^;l/R©^tt'r-^ (b^^^l^x-^) 

^ifm-^n. U'^^;i/RcD^iS73i^(D©Bx{cW)Sf s 

/^^->M)i^TR (X) ^^ga^nSo ^®ft> 
>y:/'l 2 StCfel/^T, ±SlJ®?^2 7(Djg^»C<fcoTSIIS 

R) ©^«A^rjBji&2n, A r FX+i/Tb-1f)ti!ilO 

{c^sniTea t 2 ns „ 

[0 0 5 2] =tLX. Xf-yfl 2 4X\ |g®J$iJ^ax 
•y h 2 2^/^Lrl+iJ^t^/c^f•^';^Xr-^/•2 0 ACD 

40 {iiBXA^±$ijffli?^2 7{C'W,^$n. /^;i^x^)tstc-r:/ 
E i *^itMiijg*itsgi56 3, mxmyemm^^G 4 

x;t>/l/4^-E o*^itg5)gii^3t©a?6 3H:#ti^$nSo 
^X<n7.'r-jf\ 2 StC^oV^T, ±$ij®5^2 7{i, 
;l/X-r-i;' 2 0 A iOfiSX J; •? / Vl/XH^co/aW J; 0 ^ 
l^iiWTMaWz^^-yajg^TR (X) ^»aiL, S 
WIS«^fiSMJi^ltitgl56 3. S0Am)^««5^g|56 
4fC«^-rSo Al«f7ld««^gi56 4T'ii, )^)\^7.'^im 
50 {CAItx:^.;l/4^-E i ^•etD/^^-yjija^TR (X) 
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X*tx^.;l/^-E i. Ri;3ijix^.;l/^- E o 
* (4) i^ifcftAUTlJ^^^ld^?^? LOSj§^T%atW 

7^126 THtiflilUT i: ^ § S T\ EP-^ R 

yt^mp i(Dmmm^xmf^.x^>i^^~ e <Dmm lo 

(e) ilLTm C(Dmmi (e) ^:;t*U6 8tc1g 

[0 0 5 3] t<Dm. mmc7^Mmyt^nr)i§'^\cii^ 

Xr-y:/l 2 81C43V^T. 03CDX-r-y7°l 0 6 tPlfll 

gflji&^n-r, A r Fx+'>vu— tfjtai i ©fg)i6*<^ii& 

!iij$iri»a- 7 h 2 2 {c J; 0 ^ ;W R (DffigX ©l+iJ 

^Xifx#.;U^-E i (Dt+SimTt)nSo ^LT. 20 
^;1'RC0{4HX J; OiLUi$nSA:5?->jiji^T R 
(X) *^02©AW7ttt«^^a56 4 {c#t)|i&?n. kMft 
ffla^SBe 4liAWxt.;l/:^^-E i tc^cDA^-yiSii 

^^TR (X) ^m\^rcm^m'p^Lxx^mx.^-^)i^-e 

r-y:/l 3 Otcfc'l/^T. jgii^MSSP 6 7 Xx>y 
7"! 2 7-e^*U6 8(C|BM^nfcM^T (e) iC=t<D 
AW^x:t^;m?- e ^ftA t TSi£©lSK^^?^ PL© 

mmmi (now) ^ifmb. stB^m^^i^asegt 

(K*&-rSo ^LT, $iJ»g|56 9T'{i. Xr>y7°l 3 Uc 30 
*3t^T. Xr-y:'"! 1 0i;|SHi{clSK7ie¥^PL£Djiji 
^^D^iJ^ffl^SLT'>X/^W±T'CD^^1■/^>'^X7tI h<D 
mmti^-^ trji^^oiC. A r F X:lP5/-7 P— ifjfeii 1 

OXr-y:/l 3 2- 1 3 5{iXT'yyi 1 1-1 1 4 i: 

mmx&*). mmiyayhmm'\(o^^myt. 'm^m> 

>y hm^^<Dm9tMmmihn^o . 

[0 0 5 4] CtDt^lJfCctnt^, Uf-^';l/0/-^^'-»g)i 

T. mftmmmmik^\^±.Lx\^^^o rsiis. iMnm 
Loii)g$;&gtMi!iT (e) (omtimmcmtt^'Si 

nfefe^o ^Cf, ^S;^[S]^t^cDMI!iT 1 (e) 
T2 (e) ^MibXtS^. ^iE7t^{Cti^*7^(n](Cfc:; 
DT^tDMST 1 (e) . T2 (e) ^&1Ii/>^Ht€><fc ^ 
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-So 

[0 0 5 5] *?IW<?3^3cDllSI<7)JB^lCOtaJi 
{?ijT'(±^^1-^^^UX7t 1 L(D!il^ff±moSK)t^mP L 

mLx^^yt^i^p i<Dmmm<omt^Mtbxi^rco u 

A>L, ^nA;l/X)tI LcO!l*f{f±tt<D|Hl«3Ijt{c<fco 
'3t#?.o i^fc. fg^aU'>"Xh/3^<Iffl$tiTl^5^^{e: 

fc46{ci/3 -y hra©XT-y If yyB$P^I|*®*S-r^^^ 

[0 0 5 6] i!lX\ *Wct5tt§S]^)t^mP LcDig 

(Dyt2~^^-v^pmLxmmt^o ^mxii. %t 

m5(D7.Ty-f\ 4 1-14 5tC*3l/-'T> ^ 1 CD^SS© 
JBffi^Xr-yT'l 0 1-10 5 i:|Slfi|{c (mzffyMMO 
mmo^TsTy-fi 2 1-12 7 iiiai^T'fecfcv^) , 

m'm AS^ISx^;l/:^i- e (DMISti: LT^cDiiji^ 
T (e) ^^i6T^€-U 6 8{Ctaii-r5o :^^lc> Xx<y 
7° 1 4 7-1 SOtCfcV^T. BP*f^b^l^^-&CD^S^)16 

■To 

[0 0 5 7] 7.7-y:fl 4 6XtSB^^l^P 

m^rcmftmti'^msisnrc^mx. Ar Fx^^i/vi^- 

'^ytmi(mn^W±t?>o ^©ti, Xr-yl/l 4 7T' 

fS7t^?±A>p.ioiiji^p^ t ^m\L. m-^o^mrsTsmx- 

Xr>yy 1 4 8{cfel'>T, m2<D^ r FX+v'Tl^-lf 

1 icmrsmcm'b^^j\^x^(Dnyt^nt>-^x. mm 
mmmim3Q3i,cts\^^x. m^:r.^fi^^-E orux 

|^x^.;l/^- E i XK)myt^^ P L<D@ii^T (= E 
o/E i) ^»tbU C03ija^T^^)i*M^a5 6 7 

SiJ A<^7 L fc i; t fCilftti X-r -y ^ 1 4 9 ?> X x -y :/ 

1 soicmyLx. mmmmw^Gixii. umyt^^ 

(t) ^^^U 6 Stciettf ?)<, ^©MiStT (t) 
T{±. L/c,^ii^Pa t CD 2 'A&L±(r>m 

ximi&mm^mx^?>o 
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[0 0 5 8] |116©[Jlj^7 0Cii, m9^J^}V7.-yt \ KD 
M#lttS«}S^3fe^^ P L (Dmm^ T (= E o / E 

feSo ^fc. ill3*l7 0Al±, 

iS&$n5AWx*;l'^-E i (taWlfi) ^ynU \&iB7 
OB(i. ^^DXI^x^^;^4^-E i testis LTttiBiJ^nS 

fcik. '-kmici&yLxi^^o ^*'j6 8ttt, ^-cDtft^ 

7 0C^jfifttL/c!gji«fF^t©g8?ST (t) A^ISti^n 

[0 0 5 9] ^-cDi^o^asT^^tcti. m 1 «±ffiin»3^ 

taiHAW^tlSo XJi. jgji^iHegPe 7TH±, AD 
C 6 2ti'^o:)k^x.^-JV^-E i (DW^fCioTBaSt'f 

r-y^i 5 Hc*3V>T. jgii^iUgSPe 7 T?ti. ^^^^ 

Xr-y:/l 5 3lc*3i/^T. C(DXMm:L^^\^^- 
e, RXSX7-y-/l 4 4T';^'=E-U 6 8 {ClBH^nfcSIIS 
T (e) .tOISKTt^^P LcD^ffiOSii^T (no 
w) 5&*46^o ^bT, J-XT«Xr>y^l 5 4T-ia3<^ 
^.r-y/l 1 Oi;|slitilC^(D)gji^T (now) cD^lb 

TXr-yT'l 5 5-p^«S)t*^l^7-r§ST% Xr^y^ 
1 5 2- 1 5 4cD»J^W^0jI$n5o 
[0 0 6 0] ^ro^s Xr-y:/ 1 5 5T'j£SS)1&*^$l7 
Xr -y / 1 5 9 T' 1 OcDv- a 7 h^^^tDS)!^*^^ 
T-ri)tx XT<y:/160 T'^gPWi/ 3 'y h S^'xOS 

i,>i:tfcli> Xr-y:^l 5 Iftgi^So ccotf^fcti, 'i' 

LOBg|iH3:itJ»itTV^§ ll)ilFax-r>y:/l 5 1 ■ 

P,Xr>y^l 5 6lc^tTtT. jgji^)ilEgi56 7 ti5t-r 

j^x^;l/:¥^-e. Rt>'X-f>yyi 4 5 T'fBtli^ n^cMS 
T (e) ^ffi(DlS^)t^?^P LO^ii^TA^It 

©•r^o ^UT. i^Ov/g -y hMSt'N^O^SS^t'b^te* 
§iaHUlCXf->yyi 5 7(C*3l>T. ji3®*?ll»l^67 

t , Rtfx-f -y ^ 1 5 0 Trnmntzmm it) i. 
m^. mw^m t 0 -efD^ii^ T ( 0 ) T c t 
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t^t. Xr>y>^l 5 8tct5i/^T, jgji^i^SSP 6 7 T' 

Mii^T (now) ^WBt^o 
[006 1] 

T (now) =TA • TB/TC (5) 
^•bT, i^cOi/a «y hMl^'^'OSSM)^*^M^^^'^®l 
iWXx-yyi 5 lA^P)Xr-y:/l 5 2icWftbrct^ 
{cti, 13^)t^^PL(Djgji^«Wa^ (5) ^T'^ 

3 >y bmft!c'\cO^$M7^AMTt)n. XT >y 1 6 OT'^ 
^cD i/ 3 -y h ^^'\0^7t7!)^*l7 L i: 1 1 X r -y y 1 

6 1 x-mmmit^. 

[0 0 6 2] C(D^olc^WcJ;^ni,i. v'a-yhF^T'^ 

x/nW±©^'>3 -y hmi^'\Oll7l£«*W^9?n5o 
{c, ia50^Sli7t^ll^tJ:'i'x/NW±{c|iiSS/^^-> 

^mfi!i-r5ieT-fflv^§^^<^i)f^«-^it--3^> 07 

<D7n-^+-h?r#fi9LTlliW-r5c ^fe-f, 07«X 
f •y'/l 7 H^^^SVT, H 1 cDUf-^;l'Xr— i/2 0 A 
±(i:Uf-^'/l'R*'5a- F^tiSo :^cr)XT>y:/l 7 2{i: 
^oV^T, g^tW^W'^'XM (>j;xMWii-r5) ±fc^S 
m^MML. Xr-yy 1 7 Slcfcv^T. ^•(D'>x/^W± 
cD^a«±lcL/'>'X h^^^Ufcm, -^x/nW^H 1 <D 
}S^S)t^S<^'>x/NXr— >"2 4±{cn-K-r?>o 
fc, Xr-y:/l 7 4fCi3t,^T. 05COXx-y/l 5 1~ 

1 6 1 ^xmi'ftmmK. i<Dmmm(D 

)t I L Oj^Jt*^-^ ^ « 5 cfc ■? {C^^/ ^7l/X)t I L ©3t 

:?3i^-^-'^xyNW±cD^i^a -y V^mcU^t^c 
[0 0 6 3] ^<Dm> XT'yy 1 7 5{Cl3l/>T, -^X/n 
W±<0Pv?Xhc031ii^tTV\ Xr-y:/l 7 6T^O^ 
i^X h>'^^->'?:VX^ i: LT'i7XMW±O^JaM(OX 

-y^y^7'^fT^/c^> P':^x h^^^-y%l^*-r?) c i: 
{CcfcoT, mM«olHl!S/^^-:^*^'i'X/NW±<0#v'a>y 

ti. '>XMW±(D^e/3 -y h^llST'a3i*S)16S*^t#e. 
nTV^?>fc4?). "^x/nW±cO^:/3 -y hM^fcmS<'3|il 

[0 0 6 4] *t5, ±ti(Dnmmmii. *^b^^xt 

<y y • 7> K • x+'V y:^So}S^^)t8a{cjiffl b/c 

*^B^(iXr-y T' • 7y F • U l^- FT? 
iCOtS^^Tt^fi (Xr-y/^-) T-S)¥:-ri>ii^icfeji 
ffl-rSilfcjb^T'tSo Xr>y/^-©^{ct4> IJiJ^tfH 
3«XT-yyi 1 ORt/l 1 HcMmt^xmX\ '^'X 
/N±(7)SiS>^3 >y FM^^tom^M^tMTb^RlT^Wffiti:* 

I [ 0 0 6 5 ] *^o, *^Wfi±a50lliSii«JKSi{£:ISS^ 
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CO 0 6 6] 

[0 0 6 7] $fc. S7t4'«aM±-e(DS)ie«%itffl 

^> AS^x:?k;l/^-ttillE?^®(±J:^. RlSn^x.^}^^ 
[0 0 6 8] ^/c. *liB^^7.r-y:/' T^F • + 

m^. m.nm^xi.u m>yt^%(DmmmiK^^ 30 

t{i:J;oT, •7X^'tD>'^^-yffia<D;S</>lcJ;5Alhfx 

[0 0 6 91 ^fc. ^^mo^m^y'f^^T.o^mmysmc 40 
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[0ffi<Dii**aliB3] 

[0 1 ] -mm(Dmm<Dmmxmm-^n?>m^^^m 
m 2 ] ■4i^m<Dnm<r>BmxRm^^^ p l ojsji^ 

[05] :^^m<Dm3(Dmm(ommict3i^^^^^^ 
[06] ^(om3(omm(r>mmxm\-^n^'^n^^f\^:^ 

[07] ^<D^3£D||iSS©ffMti:*5V>T|ii«§/^^->^ 

[??^<oiJi^] 

1 1 77-r7-t'U>X 
8 lf-AX:/U-y^ 

16 u^^jiy^^y¥mm 

PL S^)t^l^ 

W "^/X/N 

20A Uf-^';l/Xr->' 

2 4 "^^XMXr— 

2 7 iwaii^ 

3 0 mmm^~yh 
3 2 sa*t«^rx^r 

6 3 mmmm%m^ 
6 4 A*t)^ia»gp 
6 7 Sjg^iiitgp 

6 8 >{^:U 

6 9 umm 
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